ISOLATED DISEASE of the left circumflex coronary artery is uncommon, and its clinical features have not been well documented.' As percutaneous transluminal coronary angioplasty is now performed in many patients, usually those with single-vessel disease, it is pertinent to reexamine the clinical spectrum and prognosis of patients with single-vessel disease of the left circumflex coronary artery.
Methods
Between January 1977 and May 1981, 3900 patients underwent cardiac catheterization in our laboratory, and 94 of these patients (2.4%) were found to have significant (B70%) isolated disease of the left circumflex coronary artery. We excluded 10 of the 94 patients in whom isolated circumflex disease was found incidentally at angiography (seven with valvular heart disease, two with cardiomyopathy, and one with Wolff-Parkinson-White syndrome).
Medical records of the remaining 84 patients who presented with symptoms associated with ischemic heart disease were examined retrospectively for age, sex, duration and severity of angina pectoris according to the criteria of the New York Heart Association, 1 l history of myocardial infarction, and risk factors including hypertension, hypercholesterolemia, and family history.
Coronary angiography. Coronary angiography was performed in multiple projections with the Judkins or Sones technique. The angiographic estimate of the degree of stenosis was based on the reduction in luminal diameter as judged in multiple projections by two experienced angiographers. Significant isolated left circumflex disease was defined as 70% or greater reduction in luminal diameter of the left circumflex coronary artery or its major branches, with no stenosis greater than 50% in the left anterior descending or right coronary arteries and no stenosis greater than 30% in the left main coronary artery.
The left circumflex coronary system was subdivided into five segments according to the American Heart Association classification'1 (figure 1): (1) Proximal left circumflex from its origin to the takeoff of the obtuse marginal branch; (2) branch was defined as part of the circumflex system and was considered a sixth segment. 12, 3 The site of significant obstruction in the left circumflex coronary artery as defined by the above six segments correlated with electrocardiographic and thallium scan abnormalities. Electrocardiographic abnormalities were correlated with the site of obstruction only in patients with a single obstruction in the left circumflex, whereas thallium scan abnormalities were correlated with the site of obstruction both in patients with only one obstruction (28 patients) The scans were interpreted at the time of study from the original Polaroid scintiphotographs, without computer enhancement or background subtraction, by the consensus of three experienced observers who had no knowledge of patient data.
Each of the four views was diagrammatically divided into three segments as shown in figure 3 and was analyzed for the presence or absence of thallium defects. 22 Furthermore, the lateral segment in the 40 degree left anterior oblique view was divided into upper and lower halves and was analyzed for perfusion defects.
Defects in each segment correlated with the location of disease in the individual branches of the circumflex coronary artery. (table 2) . Q waves were present in 35 patients, isolated ST-T wave abnormalities were present in 25 patients, and the RV pattern was present in 43 patients, 24 of whom had Q waves and 19 had ST-T wave abnormalities. Two patients had left bundle branch block, and one patient with sick sinus syndrome had a ventricular pacemaker rhythm.
The site of electrocardiographic abnormalities is shown in table 2. Q waves occurred more often in leads II, III, and aVF (inferior pattern) and less often in leads I and aVL (lateral pattern). ST-T wave abnormalities occurred similarly in inferior and lateral leads. Associated abnormalities in leads Vs and V6 were present in 55 of the 84 patients (65%). An electrocardiogram from a patient with inferior, lateral, and RV patterns is shown in figure 2 . Conduction disturbances were frequently seen, including an intraventricular conduction block in 75 patients (89%), slurring of either the descending or ascending limbs of the QRS complex in V, and/or V2 in 48 patients (57%), left-axis deviation in 13 patients (15%), and upright or isoelectric T waves in V, in 79 patients (94%).
Electrocardiographic abnormalities were documented for 61 of the 66 patients who had only a single stenosis in the circumflex coronary artery. In these 61 patients, the site of stenosis correlated with the site of electrocardiographic changes (table 3) . The inferior pattern was most common in patients with stenosis in the distal circumflex segment (18 of 19 patients), whereas the lateral pattern was most common in patients with stenosis in the obtuse marginal branch (nine Thallium-201 myocardial perfusion scanning. Thallium-201 scanning was performed in 32 of the 84 patients. The incidence of perfusion defects in individual segments is shown diagrammatically in figure 3 . In 32 patients perfusion defects were most common in four segments: apical in the anterior view (AP ANT), 69% of patients; lateral in the 40 degree left anterior oblique The LAT defects were further divided into those involving the upper, the lower, or the entire segment. One patient had thallium defects only in the upper LAT segment, 10 patients had defects only in the lower LAT segment, and in 12 patients, defects involved both upper and lower portions of the LAT segment. No clear correlation could be established between location of defects in upper, lower, or both parts of LAT segment and sites of stenoses in individual segments of left circumflex coronary artery or the pattern of arterial dominance.
Follow-up. Follow-up was dated from angiography, and the median time for the 84 patients was 17 months (range 1 to 49). There were two cardiac deaths, which occurred at 13 and 32 months. The cumulative life table survival rate for the 84 patients was 100% at 12 months,97.5 + 2.9%at24months,and97.5 + 3.6% at 30 months (figure 6).
Seventeen patients (16 men and one woman) underwent coronary artery bypass surgery; 16 underwent this surgery because of angina pectoris and one because of cardiac failure resulting from inferior myocardial infarction and acute mitral regurgitation. All were alive and well at a mean of 28 months (range 1 to 39). Another four patients were hospitalized because of angina, and one patient suffered myocardial infarction. Fifty-two patients were angina free (37 on medical therapy and 15 after coronary artery surgery) at the time of the last follow-up.
Discussion
Isolated left circumflex coronary disease is infrequently shown at angiography. Our prevalence of disease of 2.4% agrees with that of other reports. l-9 18 24, 25 Patient selection in this study is similar to that of previous reports of patients with single-vessel disease, except that 30% of our patients were studied as part of a prognostic study of survivors of myocardial infarction 60 years of age or less; this may account for the lower incidence of angina.5 6. 26 Isolated disease of the left circumflex coronary artery does not appear to cause severe left ventricular dysfunction, as the mean ejection fraction in our patients was 59%, and this is in accord with the previous reports.4 18-24 27 Electrocardiographic abnormalities were present in nearly all of our The lateral pattern and RV pattern are more specific for circumflex disease,4 and the left circumflex arterial system was therefore subdivided into six segments to determine whether these more specific patterns correlated with disease in specific segments of the circumflex system. In contrast to the findings of Gensini et al. 21 suggesting that most stenoses are proximal, about half of our 103 individual stenoses were central and half were peripheral. The sites of stenoses reflect the sites of predeliction for atherosclerosis in patients with isolated circumflex disease and include proximal and distal circumflex segments and proximal portions of the major branches. The portions of the branches of circumflex coronary artery beyond the major bifurcation were usually free of segmental stenoses, as has been previously observed. 12 Also, in contrast to the findings of Gensini,3' the first few millimeters of the circumflex artery were free of significant obstruction in all patients, and no ostial circumflex stenoses were seen.
In this study of patients with isolated circumflex disease, the pattern of electrocardiographic abnormalities and distribution of thallium defects appears to reflect the site of stenosis in the circumflex system. The electrocardiographic data were based on information obtained from 61 patients with solitary stenoses in the PATHOPHYSIOLOGY AND NATURAL HISTORY-CIRCUMFLEX ARTERY DISEASE circumflex system so that the patterns of electrocardiographic abnormalities could be related to stenoses in individual segments of the circumflex coronary artery. Our study is the first to show electrocardiographic and angiographic correlations for patients with isolated circumflex disease. The data from the thallium scans were obtained from 32 patients, and perfusion defects in individual segments correlated with either a single stenosis or the most severe stenosis in the left circumflex system when more than one stenosis was present. A stenosis in the obtuse marginal branch of the circumflex was associated with the lateral pattern of electrocardiographic abnormalities and with thallium defects in the LAT segments of the 40 degree left anterior oblique view, previously shown to be specific for circumflex disease 33 as well as with defects in the POST INF and POST segments. This is predictable because the obtuse marginal branch of the circumflex usually supplies the posterolateral myocardium. In contrast, disease in the proximal segment of the circumflex was associated with both lateral and inferior electrocardiographic patterns and with thallium defects in the LAT, INF, POST INF, and POST segments; this association may reflect the fact that the proximal circumflex supplies both the posterolateral and posteroinferior myocardium. Disease of the intermediate branch, also considered a central stenosis, demonstrated no distinctive electrocardiographic or thallium scan characteristics.
A peripheral stenosis distal to the takeoff of the obtuse marginal branch was usually associated with the inferior pattern of electrocardiographic abnormalities and thallium defects in POST INF, POST, and INF segments. Thallium defects in the LAT segment were uncommon. This is consistent with the fact that the distal circumflex supplies blood to the posteroinferior myocardium. The posterolateral branch, however, may contribute to the blood supply of the posterolateral myocardium, and stenosis of the posterolateral branch, although classified as peripheral, may explain the lateral electrocardiographic pattern and thallium defects in the LAT segment found in some patients with peripheral circumflex stenoses. In a small number of patients, stenoses confined to the posterior descending branch were associated with inferior electrocardiographic patterns and thallium defects in POST INF and POST segments.
The prognosis was excellent as 97.5% of our patients with isolated left circumflex disease survived at a mean of 2½ years. This could have been influenced by several factors since 20% of the patients underwent coronary bypass surgery and 30% were studied prognostically after myocardial infarction. Longer followup studies, up to 12 years, in smaller series show that single-vessel circumflex disease has a mortality of 2.0% to 4.2% per year3'9'25 compared with mortality for patients with disease of the right coronary artery of 0.3% to 3.0% and with mortality for patients with disease of the left anterior descending artery of 2.0% to 5.6%.". 3, 7.9,'10 25 The mortality is reported to be higher for patients with more severe stenoses and for patients who have minor disease in the other coronary arteries.9' 2 The high survival rate for our patients may be due to the relatively young age of our patients (mean 49.9 years), since age reflects mortality and morbidity in coronary artery disease, or may be due to the better recent medical and surgical treatment of coronary artery disease.
Clinical implications. Isolated circumflex disease may be suspected by the use of clinical and electrocardiographic criteria, but cannot be definitely diagnosed. Exercise thallium scanning in a subset of these patients may identify isolated circumflex disease. Because of the overall good prognosis, normal left ventricular function, and the good response to medical therapy, initial treatment for these patients should be medical. Since a significant number of patients required later surgery for their symptoms, percutaneous transluminal coronary angioplasty should be considered for those who do not respond to medical therapy.
